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4.1 Introduction 
This review has been undertaken to determine the probable 
cause of the magnetometer failure which first occurred on 
December 11 at low temperature during lunar night. On 
that date with the electronics system temperature at -25°C, 
all channels went abruptly to full scale and remained 
there until the electronics system temperature rose to _14°c 
on December 18, the start of the second lunar day. This 
same failure has since recurred at low temperature on each 
succeeding lunar night. 
The summary of the investigation of temperature failure 
and of corrective measures is as follows: 
Description of anomaly and conditions of occurrence. 
Des~:r!;p!_~~n __ ~:r possible causes. 
Isolation of most probable cause or causes. 
Identification of corrective action. 
Q 
Proposed plan for implementing corrective action, 
including test validation. 
The cause of this failure has been fairly well identified 
within the instrument to a specific circuit path within 
the calibrate-offset bias generator. The failure has been 
Simulated, using the breadboard instrument. No other 
failure mode exists which could have produced the identical 
effects observed. 
4.2 ANALYSIS AND POSSIBLE CAUSES 
At 345.20.37.55.1 (11 December 1969) the sensor outputs 
on all channels started to go to full scale saturation 
simultaneously. Data sheets showing the system conditions 
before and after the initial anomaly are attached. The 
sensor electronics temperature at the time of the failure 
was 24.6°c. Scientific data for the remainder of the lunar 
night was lost until 18 December 1969 when the electronics 
temperature rose to -14°c at which normal operation was 
again achieved. This same anomaly has occurred on each 
subsequent lunation when the electronics temperatures go 
below approximately -24°c. 
Following the initial anomaly the instrument was turned 
off and on again. 
saturation positive while at the time of the anomaly the 
X and Y channels went positive and the Z channel went to 
saturation negative. In addition offset commands were 
transmitted, the digital filter was bypassed and no change 
was observed in the anomalous condition. 
The Simultaneity of the anomalous behavior in all three channels, 
the nature of the anomalous behavior in the channels and -~-
----
results of the tests conducted by command of the fnstrument 
indicated that the anomaly was due to a failure in the 
circuitry which was common to all three channels in the 
sensor electronics. The only point common to all three 
Channels in the sensor electronics is in the Cal/Offset 
Bias Generator - Summing Network Module. Figures 1,' 2 and 
3 depict the pertinent parts of the sensor channel electronics 
used to isolate the failure. An open in the feedback channel 
will typically drive the channel to full scale saturation. 
The direction of the drive to saturation being dependent on 
the state of that channel alone at the time the open occurs 
provided the o~en occurs in those portions of the channel 
circuitry independent of the other two channels. The 
drive to full saturation positive of the X and Y channels 
and the drive of the Z channel to full saturation negative 
when it was initially indicating a positive reading prior 
to the failure indicated that there was some outside 
stimulus (outside the Z channel electronics) causing the 
Z channel to go to negative saturation. A single open 
affecting all three channels simultaneously could only occur 
in the lead from the analog ground on the motherboard to 
riser 16 on the-14 board to riser 16 on the -13 board and 
the jumper from riser 16 to riser 8 on the -13 board. 
Possible opens which could cause the anomaly are indicated 
on the Figures. An open in this lead ~uld also provide 
the path for a stimulus from the X and Y channels to the 
Z channel to cause that channel to drive to full scale 
saturation negative and not positive. Analysis showed that 
lifting the analog groUnd at anyone of the above pOints 
tied all three channels to a floating node. In this sit-
uation there can be an interaction among the channels such 
that a difference in the magnitude of the currents in the 
channels can result in the channels having the greater 
values forcing the channel with the lowest value to go to 
full scale in the opposite direction. In view of the 
simultaneity of failure and the requirement that inter-
, 
action of channels following th~ failure be maintained, it 
was. concluded that the only failure mechanism which satisfied 
these conditions was the open previously described. 
r-
.L. 
r- - -. -l I Dru"~ 
I lOst. I COIL.. 
I IO~ I I A 
~UP. 
FLO? 
2:',e KI-I'l. 
c.1...00:. 
, (SiS 1IME~) 
SUSPE.CT 
A.\~.:c .. A. 
(SE. E. FIC:t 2.) 
L-_ 
r 
INPVT AMP P~a~AL'AS OUPI"lT iO 
I ~UFFE.O;: AMP I rlL1Er<: ".. t:.../t> COI-l'J • 
DE-MoO .. nn <. 
-l-
I 
I 
I r--, ! 
'FEED5A.c\d . ~ . Cb.L. t.,1-.\ D 
COIL I Gl>..I~ I . ~ OFf So£?. T I 
L. J 
.. (p/o O'rFSE.T 
_ _ ~. e.\b.S 6E.~) I 
(pia Ct..L/OF'f5e.1 
J" BIAS. <!l~N) ~~$a )J U -7.000V 
l'2.e.f 
1 De~TICt:..\.. \0 A~O"E. 
IDE.\-li I CAL. 10 ~'Co"t::... 
FIC-URE l, 
V +5.000'1 
RE.F 
, )(', CI-tANNE.L 
- -I. 
l-
I 
I 
\ '(' C~b..~NE.L __ J 
- --
I 
I 
I 
I 
, ~ \ C~ b..\.t \{ r=. \... 
-~ 
hq-e 
IlP 1 . A...- po~:;,e."E- I vI!- ~__ OP N L < P<l~:"OLe II 
# #_-----~~~----~ ,/ OFl:>J /~ RM\".J I -==.,-", .•• , ~ fC~- - 1 /' i f(1:~P- S / ~6f! Zk;(::)~ --:J \~~~ h'~ ..~ /,;- __ ,\".CIi _-_-._-0-::" ~~ ff 1'-/' /' ~I "Do",' / /7 IJ." 
1
,/, I;-"f;.t .,~~ I ,/, ~ d~ 
.::; I t. Q\\ 5
l
...-' '-,,<./.: f»\ Gl1,0.. . """7'''''' y / IQ' :>:::  ~ ~ ~/ / //~ 
\. r ,v' aJ{). 7/'~ ~ ~v .. ~ r;;lPv.- >/> / d / ,e • / A# , yh'/ j~/ ....::;:.~ .. rz. //' 1,11 
LEAD i5 
L...E..t..t> 7 ~ 
(I) ~75)=) n -@=~\ \ , 1 I I , -~ 
. ; l 
h, 2 R40 =~ j '} fl.44::5 J 
"8 <: ( y Q9 I 1;(10 (Q "5 
')<0' FE.eD~AC~ 
\N\\·u:>rl-\q 
','f I FEet!.lt:..c.K. 
WINOINq 
~1:.~Vy LINe.. I~OI C"'iE.o;:, 6ROUN.D C.ON~E.Ci\O~5 
DE. it.,...\ '-ED A" \:;,0 V s.;. 
-~, 
: 
Q.36 -"\ 
r 
I 
t 
, 
'~ F'Ee.DBA.~1c:. 
wlN.OIHGt 
L SM to ANO.11.6~ Y A~AL Y~/.s - DETAIL DF CAL/oFF.5ET BIAS GE}J GROUNIL 
qf!O',JIJP~ To vARlou6 
.8 ~4~ .5WITcHG, 
~ ______ ~_(F_=_r._)~_I2lA~8 ~ 
-14· -13 ) ) -IZ -II· ) ) 
I R(!;t:i!. '(' . 
1.j-- ====n 
\i ~ , ~I ~__ i . . 
.~ . 
2 LEAl) 73 . 
130A{?:,r; TuBSLcT Wl-lE-RE; IT r:t\ 
PICK~ UP AN'ALCI"t 6,p-oUt-JD ~ 
-12 [AYE:-R 
II( ': VJ&l_D (Ol .. ./IJ E<:..PON 
A"'1P PO:;;';;,IStJ'E, Op~tJ 
ASSEMBLY _ DETAIL 61= .sUfv1r/}IN~ NE.rVJORl( COf2.Dl'VDOf) 
IV\OPUlS (PART of-CAL/CFE=-;;£r BJA'S C7 EtJ ) FJC-uR£ ~ 
4.3 MOST PROBABLE CAUSE OF FAILURE 
Analysis of the most probable cause of the failure 
indicates that the open occurred at one of the four 
welds on the motherboard indicated by x~ in Figure 3e 
and was due to thermal stressing. Experience on the 
Pioneer Magnetometer and on the LSM program indicates 
that the preponderance of opens associated with cord-
wood modules occur at the motherboard connections rather 
than internal to the potted modules. It is concluded 
that an open circuit at pin 73 on the Al motherboard is 
the most likely cause of failure. 
Test Verification 
Tests were conducted both on the breadboard model of 
the Lunar Surface Magnetometer at ARC and LSM siN 007 
at Philco-Ford. In these tests it was possible to duplicate 
the anomalous condition exactly by opening pin 73 on the 
motherboard of LSM siN 007 and the equivalent opening on 
the breadboard model. By varying the drives to each 
channel prior to the open, the direction of the channel 
to saturation positive or negative could be controlled. 
4.4 CORRECTIVE ACTION 
A recently adopted procedure for more intense inspection 
and rejection criteria for motherboard connections is 
described under 3.4.2. The procedures are effective. 
Applied to LSM #7, no failures due to opens at the mother-
board connections occurred during instrument checkout 
following assembly, pre-acceptance test and acceptance 
test. 
The past history of motherboard pin failures associated 
with extreme temperature environments and the circumstances 
of the failure in this instance strongly indicates that 
temperature stressing caused an ultimate rupture of a 
marginal pin/tab weld connection. Corrective measures 
described under 2.3, 3.4.3 and 3.5.4 will mitigate such 
thermal stresses. Additional instrument temperature tests 
to levels in excess of those anticipated on the lQ~ar 
surface are now conducted as noted in Paragraph 3.5.3. 
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